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A TWO-ENGINETYPEOFTRANSPORTAIRPLANEIN comcnu

OPERATIONSONROUTESINTHECENTRALUNITEDSTms

FROM1948TO1950

ByWalterG.WalkerandPaulW. J. Schumacher

Normal-accelerationandairspeeddataobtainedfromNACAV-Grecorders
installedina two-enginetypeof transportairplae,employedinroutine
commercialoperationon a north-southrouteinthecentralpartofthe
UnitedStatesfrom1948 to 1950, areanalyzedtodeterminethegustand
gust-loadexperiencesof theairplane.Theaccelerationsexperienced
equaledorexceededthelimit-gust-load-factorincrement,ontheaverage,
twice(oncepositiveandoncenegative)inabout2.8 x 106flightmiles,
andaneffectivegustvelocityof 30 feetpersecondwasequaledor
exceeded,on theaverage,twiceinabout0.7X 106flightmiles.A
comparisonof thesevalueswithcorrespondingvaluesfromthesametype
of airplaneduringpastoperationsindicatesthatthegustandgust-load
experiencesforthepresentoperationagreewellwiththewartime(1941
to 1945) experiencesbutwereabout20percentlargerthantheprewar
(1937 to 1941) experiences.

.

I

INTRODUCTION

A generalinvestigationhasbeenunderwayfora numberofyears
to determine(fromV-Gdata)themagnitudeandfrequencyofoccurrence
of gustsandgustloadsexperiencedby transport-typeaircraftin
routinepostwarcommercialoperation.Thisinvestigationwasdesigned
to supplementpreviousresearchofthisthe, as itwasfeltthatchanges
inoperatingconditionssincetheprewarperiodmightbe reflectedin
changesinthegustandloadexperiences.Theresultsof some.earlier
phasesof thecurrentprogramarereportedinreferences1 and2.

Thispaperpresentstheresultsof ananalysisofV-Gdataobtained.
froma two-enginetypeof airplane,operatedby a commercialtransprt
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2 NACATN 2735

airlineonnorth-southroutesinthecentralpartof theUnitedStates,
,

from194-!3to 1950. Thedataon thegust,gust-load,andairspeed
experiencesoftheseairplanesarecomparedwithsimilardataobtained
fromairplanesofthesametypeduringoperationsfrom1937to 1945.

c

Thesedataarealsousedtopredictthegust-loadexperienceof another
typeof transportairplaneofmorerecentdesignflownin somewhat
similarairlineoperations.

SYMBOLS

A

b

T

K

m

W

s

Al

Vc

VD

aspectratio(%2/S)

span,feet

meangeometricchord,feet

gust-alleviationfactor(ref.3, p. 11)

slopeof liftcurveperradian

grossweight,pounds

wingarea,squarefeet

normal-accelerationincrement,g units

designlimit-gust-load-factorincrement,g units

effectivegustvelocity,feetpersecond

equivalentairspeed,milesperhour

designspeedformsximumgustintensity,milesperhour
(ref.3, P. 3)

designcruisingspeed,milesperhour(ref.3, p. 3)

designdivingspeed,milesperhour(ref.3, p. 3)

designHimum level-flightspeed,milesperhour

never-exceedspeed,milesperhour(ref.3, p. 36)

—-.— ——.-—— -—. _______ - _ _



NAC!ATN 2735 3

indicatedairspeedatwhichmsximumpositiveornegative
accelerationincrementoccurson a V-Grecord,miles
perhour

mostprobableoperatingairspeedatwhichmaximumacceleration
incrementoccursina sampleofV-Gdata,milesperhour

normA1-forcecoefficient

averageflighttimeperV-Grecord,hours

totalflighttimefornumberof V-Grecordsina sample,
hours

totalnumberof observations

probabilitythatmaximumvalueon a V-Grecordwilllequalor
exceeda givenvalue

probabilitythatmaximumindicatedairspeedfora recordwill
equalor exceeda givenvalue

probabilitythatmsxlmumpositiveornegativeacceleration
incrementfora recordwillequalor exceeda givenvalue

productprobabilityof accelerationandairspeed

locationparameterof distributionofextremevalues(ref.k,
p. 2)

scaleparsmeterof distributionof extremevalues(ref.4,p.

standarddeviationsof Ustributionsof VW and Vo,
respectively(ref.5, p. 73)

coefficientsof skewnessof distributionsof Vm= and Vo,
respectively(ref.5, pp.74-75)

Subscripts:

30

A
a given

maximumvalueofvariable

denotesaneffectivegustvelocityof 30 feet~ersecond

barovera symbolindicatesthemeanvalueof thevariablefor
setof observations.

2)
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4 NACATN2735

SCOPEANDEVALUATIONOFRECORDS

Thescopeof theV-Grecordsanalyzedhereinissummarizedin
tableI whichgivesthenumberofrecords,therangeof recordhours,
theaveragehoursperrecord,andthetotalrecordhours.The79 records
evaluatedrepresenta totalof23,940hoursofflightduringtheopera-
tionsof sevenairplanesfrom1948to 1950.Duringtherecordcollecting
period,NACAoil-dsmpedV-Grecordersdescribedinreference6 were
substitutedfortheolderfriction-dsmpedtype.Eachtypeof recorder
contributedapproximatelyone-haMof therecordsobtainedfromeach
airplane.TableI accordinglygivesa breakdownoftherecordsby
instrumenttypeforsubsequentusein studytngtheinfluenceof the
differentinstrumentcharacteristicson themeasuredvaluesof thegust
loadsandgusts.Forstudyingvariationsinthegust-loadandgust
experiencesdueto seasonalweatherchangesduringthe1948to 1950
operation,eachyearwasbrokendownintotwoperiods,andeachperiod
containsapproximatelythesamenumberof recordsfromeachtypeof
V-Grecorder.As shownintableI,periodI (summer)presentsa break-
downof thedatafromAprilthroughSeptemberandperiodII (winter)
presentsthedatafromOctoberthroughMarchinordertoexaminegustiness
duringthesummerandthewinter.

Theroutescoveredbythepresentoperationwereoverlevelterrain
runningina north-southdirectionthroughthecentralpsrtof the
UnitedStates.Theoperatingaltitudesduringthetimestherecords
werecollectedwerenotsupplied;however,mostflightsarebelieved
tohavebeenat lowaltitudes(below10,000ft)becausetheroutesflown
werebetweencloselyspacedterminals.Sinceno detailedinformation
wasprovidedforact-paloperatingweights,an averagevalueof85percent
of thedesigngrossweight,whichisassumedas a representativeaverage,
wastakenastheweightatwhichthegustloadsandgustswereexperienced.

Faultyrecordsandrecordstakenduringpilotcheckflightswere
notusedintheanalysis.Informationwassuppliedregardinglarge
accelerationandairspeedoccurrencesin somerecordsandsuchinforma-
tionwasof appreciablehelpinevaluatingtherecords.Owingto the
limitedsmountof dataavailable,allrecordswhichcouldbeincluded
wereusedregardlessof theaveragetimecoveredby therecord.Since
thismethodofrecordselectiondiffersfromthatusedinthepast
(ref.7),whereinthessmpleis selectedon thebasisofnear-constant
recordtimes,a checkwasmadeof theresultsobtainedby thetwomethods.
No significantdifferenceswerefoundintheover-allprobability
distributionsof gustloadsandgustsexperiencedonthebasisof the
twomethodsof recordselection.Thisresultinthepresentcaseappears
tobe duetotheclusteringofthemajorityofrecordtimesnearthe
averagetimesof thedistributionsas showninfigure1.
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Theairplanecharacteristicsusedintheanalysisareasfollows:

Designgrossweight,W, lb. . . . . . . . . . . . . . . . . .
Wingarea,S,sq ft.... . . ... . . . . . . . . . . . . .
Wingspan,b, ft...... . . . . . . . . . . . . . . . . .
Meangeometricchofi,=, ft. . . . . . . . . . . . . . . . . .
Aspectratio,A........ . . . . . . . . . . . . . . . . .
Limit-gust-load-factorincrement,An~,
gunits. . . . . . . . . . . . . . . . . . . . . . . . . . .

Computedslopeof liftcurve,
6Am–A+2,perradian . . . . . . . . . . . . . . . . . . .

Gust-alleviationfactor,K -
Forgrossweight. . . . . . . . . . i . . . . . . . . . . .
ForO.85grosswei@t. . . . . . . . ~ . . . . . . . . . . .

Maximumnormal-forcecoefficient,CNH . . . . . . . . . . .
Maximumlevel-flightspeed,VL,mph . . . . . . . . . . . . . .
Designspeedfor-
Maximumgusttitensity,VB,mph . . . . . . . . . . . . . . .
Cruising,VC,mph. . . . . . . . . . . . . . . . . . . . . .
Ditig,VD,mph. . . . . . . . . . . . . . . . . . . . . . .

Placardnever-exceedspeed,V~, mph . . . . . . . . . . . . .

25,200
987
95

lo.h
9.1

2.34

4.92

1.100
1.064

1.6
211

138
211
286
257

The Anm valuegiveninthistablewascomputedinaccordancewith
currentCivilAeronauticsAdministrationdesignrequirements,reference3,
by usingthedesigngrossweight,aneffectivegustvelocityUe of
30Kfeetpersecondat VC,anda slopeof theliftcurvecomputedfrom
therelationusingaspectratioasrecommendedinreference8. The
valuesof CN=, VL,and VD wereobtainedfromdesigndataof the
airplanemanufacturer.ThedesignspeedsVB and VC wereobtainedin
accordancewiththerequirementsof reference3. Thevalueof VC w&
selectedasequalto VL. Thevalueof V~ isequalto0.9VD,which
agreeswiththevalueusedby theairplanemanufacturer.

Theproceduresusedinevalwttigtherecordshavebeendescribed
indetailinreference2. Briefly,theproceduresconsistedof reading
fromeachrecordthemaximumpositiveandnegativeaccelerationincre-
ments+, theairspeedV. atwhichtheseaccelerationsoccurred,
andthemsximumairspeedVu. In addition,themaximumpositiveand
negativeAn valuesineach20-mile-per-hourspeedbracketcovering
tberangefrom120to240milesperhourwerereadfromeachrecord.
ThemaximumeffectivegustvelocityU% andthem=imumeffective
gustvelocitieswithineach20-mile-per-hourspeedbracketwereread

—---- -.—...—— ——-——.— — ..—— . ..—. ——— .—— . —— - ——— -—— -—



6 NACATN2735

fromeachrecordby theuseofplottedlinesof constantgustvelocity
computedfromthesharp-edge-gustformula(ref.1,p. 2). Thegust
velocitiesobtainedinthismsmnerarebasedontheassumedaverage
airplaneweightof85percentofthedesigngrossweight.Thepositive
andnegativevaluesreadfromtheV-Grecordswerecombinedforthe
analysisbecausepastevidenceindicatesthatmostof theV-Grecords
obtainedinturbulenceareessentiallysymmetricwithrespecttopositive
andnegativeaccelerationincrements.

TheV-Grecordsusedinthisanalysiswereobtainednearthecenter
of gravi~of theairplane.Althoughitisrecognizedthatdynamic
responseof theaircraftstructuremaysignificantlyinfluencethe
accelerationsmeasuredat thecenterof gravity,dynsmic-responseeffects
arenotknownforthistypeofairplaneandme notaccountedforin
thegust-loadandgustexperiencespresentedherein.

ANALYSISANDRESULTS

Thefrequencydistributionsof An-, U-, Vo,and VW
obtainedfromthevaluesreadfromtheV-GrecordsareshownintableII. 1
TableIIIshowsthefrequencydistributionsof An obtainedfromthe
valuesreadfromtheairspeedbracketsofeachrecord.Theparsmeter
valuesgivenintablesII(a),II(b),andIIIfortheaccelerationand
gust-velocitydistributionsarethemeanvalueof thedistributionand
thelocationandscaleparametersu and a, respectively,whichwere
obtainedby applyingthestatisticalproceduresoutlinedinreference4.
Extreme-valuedistributions(ref.4)werefittedto the Anm=, the
U-, andthe An by speed-bracketdistributionsby usingtheparameters
of thesedistributionsinaccordancewiththemethodof reference4 to
obtaintLeprobabili@P ofequalingorexceedinggivenvaluesofthe
‘respectivevsriables.TheparsmetervaluesgivenintableII(c)forthe
airspeeddistributions- themeanvaluesTo and ~-, thestandard
deviationsco and Uv,andthecoefficientsof skewness~andkv-
wereobtainedby applyingthestatisticalproceduresgiveninreference5
tothesedistributions.Sinceextreme-tiuedistributionswerenot
applicableto distributionsofmaximumairspeeds,asreference4 points
out,PearsonTypeIIIdistributions(ref.9)whichinpastworkhad
yieldedreasonablerepresentationsofmaximumairspeedswereused. The
m= distributionof tableII(c)wasfittedwitha PearsonTypeIIIv
distributionby usingtheparametersof the V= distributionandthe
proceduresoutlinedinreference7 forobtainingtheprobabilityP. of
equalingor exceedSnggivenvaluesofmsximumairspeed.Theprobable
speedVp givenintableII(c)isa measureofthemostfrequent
operatingairspeedatwhichthelargestaccelerationswereexperienced.

.

— .— .—..— ___ . __ _



NACATN 2735 7

Thevalueof Vp wascomputedfromtheparametersof the V.
distributionby usingtheequationforthemodegiveninreference9,
page92.

Q
Thetheoreticalprobabilitydistributionsfittedtotheobserved

distributionsof Anm, U-, and VU weretransformedto curves
of averageflightmilesto equalor exceedgivenvaluesof thevariable&
by usingtherelation

Thevalue
forthese

Flight miles=
()

o.8vcT $ (1)

of 0.8VCusedinthisrelationisassumedasan averagespeed
operations.

Figure 2 showstheaverageflightmilesto equalor exceedgiven
valuesof ~ twice(oncepositiveandoncenegative)forthedata
fromtheNACAoil-dampedandfriction-dampedrecorders.Figure3 shows
theaverageflightmilestoequalor exceedgivenvaluesof -
twiceforthedatatakenduringtheperiodI (summer)and
(winter)operations.Similarly,figures4,5, and6 show
flightmilestoequalor exceedthetotale, U-,
values,respectively.

periodII
theaverage
and VW

Confidencebandsobtainedby ukingthemethodof reference10are
showninfigures2 to ~ to aidininterpretingtheresults.These
confidencebandscanbe takenasa measureof therangewithinwhich,
fora givenprobabilitylevel(aprobabilitylevelof95percentisused
herein),thetruevaluemaybe expectedto lie. Theportionsof the
curvesbeyondthedatapointshavebeenextrapolatedas indicatedby
thedashedlinesinthefigures.

Figures7 and8 showa comparisonof averagevaluesofmaximum-
acceleration-incrementandofmaximum-effective-gust-velocityratios,
respectively,forthepresentdataandfordatarepresentingthesame
typeof airplaneoperatedonthreedifferentroutes,andalsoshownin
thesefiguresarethe95-percentconfidencebandsabouttheratiovalues.
TheletterandRomannumeraldesignationsusedinfigures7 and8 were
takenfromreference2 torepresenttheairlinesandroutesgiventherein.
Forthepresentoperationtheratioswereobtainedfromthevalues
indicatedinfigures4 and5 at 107flightmiles,chosenhereinas
representinga reasonableaverageflightdistancefortheoperational

. lifeof theairplane.Forcomparingtheratiovaluesof anytwossmples
showninfigures7 and8, thedifferencebetweenthemisconsideredas
real(notdueto samplingvariations)ifeachvalueisnotenclosedby
theconfidencebandof theothervalue.
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A S~ of
intableIV. The

theoperatingspeedsandthegustloadsispresented
.

mostprobablespeedsatwhichthelargestaccelerations
occurredarepresentedintheformof thenondimensionalspeedratio
andaredirectlycomparablewiththecorrespondingspeedratiosiirom
reference2 (presentedas Vp/VL therein)sinceVC isequalto VL.

Theaverageflightmilesto equalor exceedAnm and Ue30,asobtained

fromfigures4 and5, and V~, aswouldbe obtainedfromanextrapo-
lationof thecurveinfigure6,arecomparedinthistablewiththe
correspondingvaluesfromreference2.

Figure9 showscalculatedflightenvelopesofeffectivegust
velocitiesrepresentingthepresentoperationandthe1937to 1941and
1941to 1945operationsofthessmetypeof airplane,andalsoshown
isa designgustdiagramforthistypeof airplane.Thecalculated
envelopewasobtainedineachcasefora valueof 107flightmilesby
transformingthisvaluetothecorrespondingprobabilityvalue P by
theuseofequation(l). Forthisprobabilityvaluethecorresponding
A valuesforeachspeedbracketwerereadfromthespeed-bracket
probabilitycurvesof An correspondingtoeachof thethreedifferent
operatingperiods.Theseb valueswereconvertedto effectivegust
velocitiesby useof thesharp-edge-gustrelationandplottedatthe
midpointspeedvaluesineachspeedbracketup to220milesperhour.
Abovethisspeedtheflightenvelopeisconstructedbyusingtheproduct
probabilityof givenvaluesof accelerationandairspeed.If itis
assumedthattheairspeedsandaccelerationsat thehigh-speedendare
independent,theproductprobabili~isobtainedfromtherelation

Pp =

Fora givenvalueof airspeedV,
theprobabilitycurvefor Vm.
thisspeedisdeterminedfromthe

(2)

theprobabilityPv isdeterminedfrom
Thevalueof b correspondingto
equation

()P~=Lz
Pv T (3)

andfromtheprobabilitycurvefor Ph. TheprobabilityPA was
obtainedfromthe An distributionfortheairspeedbracketfrom200to ,
22omilesperhourandiSalsoassumedto applytotheairspeedrange
from220to240milesperhour. Thevaluesof An (or Ue)areplotted

–——.-.
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atthecorrespondingvaluesof V. Thecompletedenvelopeconsistsof
a curvewhichhasbeenfairedthroughtheplottedpoints.Fromthe
envelopecalculatedonthisbasisitisexpectedthat,forthegiven
valueofflightmiles,an averageofonepositiveandonenegative
effectivegustvelocitywillexceedtheenvelopeineachspeedbracket
andonemaximumairspeedoccurrencewillexceedthemaximumspeedof ‘
thecalculatedenvelope.

PRECISION

Theperformanceof theNACAfriction-dampedandoil-damped
V-Grecordersarecomparedinreference6. Theerrorsinherentin
eithertypeof recorderme asswnednottoexceeda maximumvalueof
fO.2gor 3 percentofthemaximum-airspeedrange.Forthelarge
numberofV-Grecordersusedinobtainingthepresentdata,random
positiveandnegativeerrorsbetweeninstrumentswouldtendto reduce
theerrorofthefinalresults.

Errorsinreadingtherecordsmayhaveoccurredduringthe
evaluationbutarebelievedtobe randomandtobalanceout. Sampling
errorsarea functionof thesamplesizeandan assessmentof sucherrors
ismadeby theuseof confidencebands.

DISCUSSION

Figure2 showsthattheaccelerationexperiencesbasedon thedata
obtainedfromtheNACAfriction-dampedandoil-dampedV-Grecorders
wereaboutthesame.Figure3 indicatesthattheaccelerationexperiences
fordifferentperiodsalsowereaboutthesame.Whenthesamesetsof
datawereanalyzedforthegustexperiences,theeffectivegustvelocities
averagedabout10percenthigherforthefriction-dampedthanforthe
oil-dampedrecorders.This10-percentdifferencecannotbe attributed
to instrumentaleffectsalone,however,becausetherecordscover
differentperiodsof operationspreadovertwodifferentyearsandno
clearlydefinedseparationof instrumentalandseasonaleffectsis
possible.Theagreementintheaccelerationexperiencescanbe accounted
forby thedifferencesintheoperatingspeedsatwhichthelargergusts
wereencountered.Sincefigures2 and3 indicatenorealdifferences
inthebasicaccelerationdata,thesamplesof datawerecombinedfor
obtainingtheover-allgust-loadandgustexperiences.

.

.

Accelerationexperience.-Figure4 indicatesthattheover-all
incrementalaccelerationsexperiencedinthepresentoperationequaled
or exceededAn~, on theaverage,twice(oncepositiveandoncenegative)

—.-—- .— ——.. — .— .-— .—. .——
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inabout2.8 x 106flightmiles.
.

A comparisonofthisvaluewiththe
valuesof flightmilesto equalor exceedthe An~ experiencedon
thesametypeof airplaneoperatedoverthreedifferenttranscontinental
routes,seetableIV,indicatesthatthepresentaccelerationexperience
andthatfortheE-Iwartimeoperationcloselyagreebutsomedifference
isapparentbetweenthepresentaccelerationexperienceandtheexperi-
encesfortheprewaroperations.Inspectingtheaccelerationresults—
at10’(flightmilesshowninfigure7 indicatesthatthevalueof
accelerationratioforthepresentoperationisnotsignificantly
differentfromtheaccelerationratiosfortheE-Iwartimeoperation
orfortheE-Vprewaroperationbutisabout20percentlargerthanthe
ratiosfortheE-IandE-VIprewaroperations.These20-percent
differences,althoughperhapsnotindividuallystatisticallysignificsmt,
asa groupareindicativeofmoresevereloadexperiencesinthepostwar
thanintheprewarperiod.Thustheaccelerationsexperiencedinthe
presentoperationagreewellwiththoseexperiencedduringwartime(1941
to 1945)andweremoreseverethanthoseexperiencedon twooutofthree
transcontinentalroutesduringoperationsofthesame@e of airplane
intheprewarperiod(1937to 1941).

Sincetheaccelerationexperienceisprincipallya functionof the
gustvelocityandthecorrespontigspeedatthetimethegustis
encountered,thepresentdatawereexaminedfordeterminingtowhat
degreevariationsintheaccelerationsexperiencedwerecontributedby
thegustsandhy theoperatingspeeds.

Gustexperience.-TableIV indicatesthataneffectivegust
velocityof 30feetpersecondwasencounteredinthepresentoperation,
on theaverage,twiceinabout0.7x 106fli~tmiles.Thisvalue
agreeswellwiththevalueof flightmilesto equalor exceedUe30
shownintableIV fortheE-Iwartimeoperationbutdifferssomewhat
fromeachof thevaluesshownfortheprewaroperations.me ~st
experiencesh eachofthesecasesappeardirectlyreflectedinthe
correspondingaccelerationexperiences.Examinationof figure8 with
respectto theprewar,wartime,andpresentoperationsindicatesthat
thepresentoperationandthewartimeoperationmaybe classedashaving
thessmegustexperiencesbutbothof theseexperiencesaresignificantly
greaterthantheprewsrgustexperiences.Themoresevereturbtience
encounteredduringthepresentoperationthanthatencounteredduring
prewaroperationsapparentlywasthepredominatingfactorinthehigher
levelof gust-loadexperience.

Averageoperatingairspeed.-Inasmuchastheaverageoperating
speedundernormalconditionsisusuallytakenas0.8VC,anaverage .
valueof0.8isassumedfortheratioVp/VC atwhichthe _ values

.

—.— . . -. —._— ———_____ ___ ._.—— . . . .
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wereexperiencedandon thisbasisthespeed-ratiovalueof 0.75shown
intableIV forthepresentoperationisabout6 percentlowerthanthe
average.It isalsoindicatedintableIV thatthisvalueof0.75for
thepresentoperationisconservativecomparedwiththecorresponding
speed-ratiovaluesindicatedinthreeoutof fourcasesfortheprewar
andwartimeoperationsfromreference2. Thisreductioninoperating
speedinroughairfromtheaveragemightbe consideredas a moderating
factoron theaccelerationexperienceof thepresentoperation.

Msxtiumairspeed.-TableIV indicatesthattheplacardnever-exceed
speedV~ wouldbe equaledor exceededonceinabout109milesof
flightandthisvalueisconservativeincomparisonwithmostof the
correspondingV~ valuesshownfromreference2. Theplacardnever-
exceedspeedV~ wasnotexceededduringthepresentoperationand
theavailabledataindicatethatthelikelihoodof reachingtheplacard
speedappearsremoteforthepresenttypeof operation.

Comparisonofpredictedgustenvelopes.-Inspectionoffigure9
indicatesthatovertheoperatingspeedrangefrom VB to about0.8VC
thedesigngustdiagramagreeswellwiththecalculatedgust-velocity
enveloperepresenting107milesofflightforthepresentoperationsmd
exceedssomewhatthecalculatedenvelopesfortheprewarandthewartime
periods.At speedsgreaterthan0.8VCup tothedesigngustvalueof
15feetpersecondat VD thedesigndiagramexceedsallthreepredicted
gustenvelopes.Thetapering-offof thegustvaluesabove0.8VC
indicatesthattheseairplanesoperatedsucha smallpsrtof thetotal
flighttimeabovethisspeedthattheyhavenotyetencounteredthelarger
gustsinthisrange.Theresultsforthepresentoperationindicatethat
theexpectedmaximumgustsfor107milesof operationapproximatethe
designgustrequirementsinthespeedrangefrom VB to().8VC.me
15-foot-per-seconddesigngustat VD ap~earstobe a conservativegust
standardforthisairplaneinviewof theresultsshowninfigure9 for
theprewar,warlxbne,andpostwaroperations.

Predictedgust-loadenvelopes.-Thegustexperienceof thepresent
operationhasbeenusedforpredictingthegust-loadexperienceon
anothertypeof airplane.Thedatausedforthecomparisonwereobtained
duringoperationon a northerntranscontinentalrouteof a two-engine
typeof transportairplaneofmorerecentdesign.Theairplanecharacter-
isticsforthetwotypesaresomewhatsimilar.Bothtypeswereoperated
at altitudesgenerallybelow10,000feet. Speeddifferencesbetween
theseairplanessreaccountedforby usingthenondimensionalspeed

.

—.. — —---- — —. ——.—. -- - —...—--- ——— —
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ratioVp/VC
envelopesare

toeffecttheloadtransfer.Thepredictedflight
basedonthefollowingasswptions:

(1)

(2)

(3)

The

Thegustexperienceswerethessme -

Theairspeedpracticesinturbulencewerethesame

Dynamic-responseeffectswerenegligibleintheacceleration
dataof thepresentoperationhutareaccountedforinthe
operationcompared

measuredcompositev-Genveloperepresenting7.9x 106miles
ofoperationon thenortherntranscontinentalrouteis showninfigure10
incomparisonwithtwopredictedflightenvelopesdevelopedfromthe
dataof thepresentoperationtorepresentthesameflightdistance.
Thesepredictedenvelopeswerecalculatedby usingfiveairspeedbrackets
andthusindicatethat,ontheaverage,10accelerationsandonemaximum
airspeedcanbe expectedto exceedtheenvelope.Onepredictedenvelope
includes20-percentamplificationdueto dynsmicresponse,sincethe
resultsofreference11 indicatethatdynamicresponseof about20percent
waspresentinaccelerationsmeasuredatthecenterof gravityof this
typeof airplane.

.
Forcomparison,anenvelopeassumingno dynamic

responseisalsoshown.

Figure10 indicatesreasonablygoodagreementbetweenthecomposite
V-Genvelopeandthepredictedflightenvelopecontaining20-percent
dynsmicresponse.Themeasuredcompositeexceedsthepredictedenvelope
basedonno dynsmicresponsewitha greaterfrequencythanexpected.
ThecompositeV-G.recordshownwouldagreemorecloselywiththepredicted
envelopesatthehighestspeedsshownifonerecordwhichcontainsan
excessivespeedwasnotincludedintheoperationcompared.Thus,it
appearsnoteworthythat,despitedifferencesinroute,period,operator,
andsamplingvariations,reasonableagreementisobtainedbetweenthe
measuredcompositeV-Grecordforonetypeafmodernaircraftandthe
predictedflightenvelopebasedondatacollectedon anotheroldertype
of airplaneof somewhatsimilardesign.

SUMMARYOFRESULTS

Theanalysisof theaccelerationandairspeeddataobtainedon a
two-enginetypeof transportairplaneoperatedon commercialairline
routesduringtheperiodfrom1948to 1950indicates:

1.Theaccelerationincrementsequaledor exceededthelimit-
gust-load-factorincrementAn=, on theaverage,twiceinabout

.
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2.8 x 106flightmiles.
.

Theaccelerationexperiencea~earedtobe
aboutthessmeasthatindicatedforoperationof thessmetypeof air-
planeonotherroutesduringthewsrtime(1941 to 1945) periodbutwas
about20percentgreaterthantheaccelerationexperiencesintwoout
of threecasesduringtheprewar(1937to 1941)operations.

2.An effectivegustvelocityof 30feetpersecondwasencountered,
on theaverage,twiceinabout0.7x 106flightmiles.Thegusts
experiencedinthepresentoperationwereaboutthesameasthose
experiencedduringthewartime(1941to 1945)operationbutweremore
severethanthegustsexperiencedduringtheprewar(1937to 1941)
operations. .

3. Themoresevereturbulenceencounteredduringthepresent
operationthanthatencounteredduringprewaroperationsapparently
wasthepredominatingfactorinthehigherlevelof gust-loadexperience.
Theslightlylowerthanaverageoperatingspeedinroughairduringthe
presentoperationmightbe consideredasa moderatingfactoron the
gust-loadexperience.

4.Theplacardnever-exceedspeedwasnotexceededduringthe
presentoperationandtheavailabledataindicatethatthelikelihood
of reachingtheplacardspeedappearsremoteforthepresenttypeof
operation.

5.Theuseofthepredictedenvelopesof gust-loadexperiencefor
thepresentoperationyieldedestimatesof gustloadsforanothersimilar
typeof transportairplanethatwereinreasonableagreementwiththose
measured.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,March24,1952

#
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TABLE I

SUMMARY OF V-G RECORDS ANALYZED FROM1948To 1950

NACA friction-d.mpedrecorderNACAoil-dampedrecorder
All

Period I Period II Period I PeriOd II recorw
(Apr.-Sept.) (Oct.-w.) (Apr.-Sept.) (Oct.-lb.)

Wmber of 22 17 23 17 79
records

Rmge of 95 += 719 88 -La618 47 to 621
record houm

119ta 748 47 ta 748

Average hours 324 343 282 264 303
per record, T

Total l%COrd 7,131 5,826 6,491 4,492 23,9h0
houm

J

1
I
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TABLEII

FREQUENCYDISTRIBUTIONSANDSTATISTICALPMWETERS

(a) _

Frequencydistributionfor-

%8X Instrument Period
(gunits)

Total
Friction-@edOil-damped I II

(Apr.-Sept.)(oCt.-Mar.)

0.6to0.7 2 2 2
.7to .8 1 4 i o
.8to .9 2 5 4 7
.9to1.0 7 10 12 ; 17
1.0to1.1 10 9 10 19
1.1to1.2 7 6 : 5 13
1.2to1.3 11 9 E 8 20
1.3 to 1.4 12 n 12 11 23
1.4 to1.5 5 5 7 10
1.5 to1.6 5 4 4 ; 9
1.6 to 1.7 5 4 3 6 9
1.7 to 1.8 3 1 2 2 4
1.8 to 1.9 1 4 2 3 5
1.9to2.0 3 0 3 0 3
2.0 +x32.1 1 3 2 2 4
2.1 to 2*2 1 2 3 0 3

.2.2 to 2.3 3 0 1 2 3
2.3 to 2.4 0 0 0 0 0
2.4 b 2.5 0 1 1 0 1
2.5 to 2.6 0 0 0
2.6t0 2.7 0 0 0
2.7t0 2.8 ‘1 1 1

Total, I? m 80 90 68 158

~, gunits 1.38 1.28 1.31 1.35 1.33

u 1.16 1.11 1.14 1.18 1.16

a 3.34 3.33 3.34 3.38 3.36

~

——z .-..-..—— .

.

.
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. TABIZII- Continued

FREQUENCYDISTRIBUTIONSANDSTAl?ISTICALPAMMETEM

(b) U-

Frequencydistributionfor-

UeW
Instrument Period

(fPs)
I II Total

Friction-dampedOil-damped
(Apr.-Sept.) (Oct.-Mar.)

8t010 1 1 1
loto12 4 ; 1
12i%l14 2 6 5 :
14to16 7 9 11 ; 16
16to18 12 12 10 14 24
18to20 8 12 12 8 20
2oto22 15 15 18 12 30
22to24 13 5 11 7 18
24tO26 6 4 6 10
26tO28 3 5 2 2 8
28to30 2 3 3 2 5
30to32 5 1 4 2 6
32to34 1 2 3 0 3
34to36 2 0 1 1 2
36tO38 0 0 0 0 0
38t040 o 1 1 0 1
40t042 2 2 2

Total,N 78 80 90 68 1%

L& Q’s 22.18 19.83 20.89 21.12 20.99

u 19.51 17.27 18.28 18.37 ~8.33

a 0.22 0.23 0.22 0.21 0.22

-—. - -— -—- -.. —_ .— —.. - —. ..—.
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TAME ~ - COIICIUdeii

FREQUENCYDISTRIBUTIONSAND STATISTICALPARAMETERS

(c) Vo

Airspeed
(mph)

120 to 130
130 to 140
140 to 150
I_50to 160
160 to 170
170 to 180
180 to I_go
190 to 200
200 to 210
210 to220

Total,N

Uo

b

Vp>mph

Frequency
distributionof
V. at ~m

11

15
14
38
48
15
13
1
1
2

158

158.9

17.57

0.16

157.5

Airspeed
(mph) .

190 to 195
195 to 200
200 to 205
205 tO 210
210to 215
215to 220
220tO 225
225 tO 230

Total,N

Frequency
distribution
of Vm=

I
1
0

16
17
17
13
9
6

--i 79

+

2E.3

7.95 ;

kv

.

— ..
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I

TAME III

FREQUENCY DISTRIBUTIONS~ ACCHERATICN INCREMHW%

BY AIRSPEED BRACKE!IS

h
Frequency di.strlbutionafor -

(g units)
120 ta lk) mph lko to 160 mph 162 b 180 ~h 180to203 mph 200 tm 220 qh P20ta2k3 mph

o to 0.2 3-2 8
.2 to .4 13

;
7

.4ta .6 13 3 19 E 3

.6to .8 22 24 39 19

.8b 1.0 ?+ 41 40 12
1.0 to 1.2 34 R 34 27
1.2 -km1.4

3
21 33 23 15 4

1.4‘cc1.6 13 .5 1
1.6to 1.8 ; ; 8 0
1.8to 2.0 2 3 0
2.0 ‘m 2.2 1 1 2

~..

2.2 -b 2.4 1 1 1
‘2.4to2.6 1
2.6b 2.8 1

Total, N 159 lm 1% 158 142 18

R, g units 0.99 ‘ 1.10 1.15 0.84 0.52

u 0.84 0.95 O.m 0.71 0.38

a 3.95 3.86 3,16 4.29 4.13

I



TABLE Iv

SUMMARY OF GUST LOADS AND 0PERATIN13AIRSPEEDS

Average flight tiles to equal or exceed -
vp/vc

Operation
Dates of at kl~ ‘e30

v~
operation Anw (twice) (twice) (once)

Present(postwar) Feb. 194-8 0.75 2.8x 106 0.7x 106 >1,000x 106
to

Feb.1950

E-I (wartime, July 1941 .85 2.7 .8 13.5
fromref.2) to

Dec.1944

1

E-I Dec. 1937 .84 10.9 5.2 80.0
to

Dec.1941

E-V (prewar, Feb.1937 .77 4.6 1.3 30.0
fromref.2) to

Oct.1939

E-VI Sept.1938 .69 13.4 3.6 >1,000
to

Oct.1940

.
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Figure3.-Averageflightmilesfora maximumpositiveandnegative
accelerationincrementto equalorexceeda givenvalueduring
differentperiods.
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Operation:

Present (postwar)

E-I (wartime,
from ref. 2)

)E-I (prewar,
from ref. 2)

JE-VI

*
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Figure7.- Comparisonof aver~’e
ratio at 107 flight miles and
the values.

valuesof~cceleration-increment
the9~-percentconfidencebandsabout
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Operation:

Present (postwar)

E-I (wartime, ”
from ref. 2)

1E-V

)~-1 (prewar,
from ref. 2)

E-VI

I I n I

t---o-l

I

I I 1 I 1 I
,0 6 “1.0” ~04 108

u ad‘u
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Figure8.- Comparisonof average values of maximum-effective-gust-
velocity ratio at 107 flight miles andthe95.percentconfidence
bandsaboutthevalues.
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flpresentoperation
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—— Period1937to 1941
Designdiagram
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Figure 9..Compsrimn of’calculated ~t-vel.ocity envelopes each

representing 107 miles of flight during &&rent periods and
the design gust diagram.
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1 r Compo8ite V-G record of operation oompared

1
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Calculatedfllghtenvelopewith -
20-percenkclynmnicresponse
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F@ure 10.- Ccqarisonofthecomposite+ recordrepresenting

7.9x 1.06~lesof flightformother
@lane andthecorrespondingflight
presentdata.

type of two-en@ne tran.sport
envelopes predicted from the


